At the time of writing, the genus Riemerella (family Flavobacteriaceae, phylum Bacteroidetes) consists of two species, Riemerella anatipestifer and Riemerella columbina. R. anatipestifer is an avian pathogen and is the causative agent of exudative and septicaemic diseases in domestic and wild waterfowl and gallinaceous birds (Segers et al., 1993) . R. columbina is widely distributed among pigeon populations and is suggested to contribute to clinical diseases resembling those caused by R. anatipestifer in poultry (Rubbenstroth et al., 2011; Vancanneyt et al., 1999) . In this paper, we describe the isolation and characterization of 11 isolates from domestic pigeons (Columbia livia f. domestica) that are proposed on the basis of phenotypic and genotypic data to constitute a novel species within the genus Riemerella.
All 11 new isolates reported (Table 1) were initially isolated on Columbia-based sheep blood (CSB) agar (Oxoid), with or without addition of aminoglycosides (Rubbenstroth et al., 2009) , from the pharynx of apparently healthy domestic or feral pigeons in Germany. It is not known whether the isolates may have pathogenic potential for pigeons or any other species. Characterization of the isolates was performed in comparison with representative strains of R. anatipestifer and R. columbina, including the type strains R. anatipestifer ATCC 11845 T and R. columbina LMG 11607 T (Table 1) .
The pigeon isolates 8151 T and 8091 grew at 30-41 u C after microaerobic cultivation in a candle jar on CSB agar, with 37 u C being the optimal growth temperature. In addition, the isolates grew at 37 u C under aerobic and anaerobic conditions, although aerobic growth was reduced markedly compared with the type strains of R. anatipestifer and R. columbina. No growth was observed on MacConkey agar (Oxoid) for any of the new isolates. To compare viability after storage, colony material of isolates 8091 and 8151 T and strains R. anatipestifer ATCC 11845 T and R. columbina LMG 11607
T was taken at regular intervals from CSB agar cultures stored at 4 u C under aerobic conditions. Subcultivation of isolates 8151
T and 8091 was possible for only 7 days, while both R. columbina and R. anatipestifer strains could be subcultured for at least 31 days (Table 2) . For long-term preservation, the pigeon isolates can be stored at 270 u C using Cryo-Bank (Mast) or lyophilized in a 10 % skimmedmilk suspension.
For genotypic analysis, partial sequences of the genes encoding the 16S rRNA (1472 bp), RNA polymerase beta subunit (rpoB; 472 bp) and outer-membrane protein A (ompA; 976 bp) were determined for 11, nine and three pigeon isolates, respectively. Primers were used as described by Rubbenstroth et al. (2011) and Christensen & Bisgaard (2010) . BLAST searches (Altschul et al., 1997) for related sequences were performed in GenBank (Benson et al., 2006) . In addition, reference sequences of related species were obtained from GenBank. Pairwise comparisons for similarity were performed by the program WATER included in EMBOSS (Rice et al., 2000) . Phylogenetic analysis was performed for 16S rRNA and rpoB gene sequences. Multiple alignment was performed by CLUSTAL_X (Thompson et al., 1997) . The alignments were trimmed by using BioEdit (Hall, 1999) and neighbour-joining phylogenetic trees were generated by CLUSTAL_X.
The range of 16S rRNA gene sequence similarity among the 11 new isolates was 99.4-100 % (Table S1 , available in IJSEM Online), while sequence similarity between strain 8151 T and the type strains of R. anatipestifer and R. columbina was 96.6 and 95.8 %, respectively. Phylogenetic analysis grouped the new isolates as a single cluster, closely related to R. columbina and R. anatipestifer within the family Flavobacteriaceae (Fig. 1) . Phylogenetic analysis of rpoB sequences confirmed the results obtained for the 16S rRNA gene, since it similarly grouped the pigeon isolates as a separate cluster adjacent to R. anatipestifer and R. columbina (not shown). The range of rpoB sequence similarity among the nine pigeon isolates tested was 98.5-100 % (Table S1 ) and the sequence similarity between strain 8151
T and the type strains of R. anatipestifer and R. columbina was 83.5 and 81.2 %, respectively. The ompA gene sequences of three pigeon isolates tested shared at least 99.1 % nucleotide sequence similarity (Table S1 ) and 98.2 % deduced amino acid sequence similarity; the maximum nucleotide sequence similarity to related species was 77 %, to the type strains of both R. columbina and R. anatipestifer. In conclusion, phylogenetic analysis of partial 16S rRNA, rpoB and ompA sequences clearly suggests that the pigeon isolates studied represent a novel species within the genus Riemerella.
After microaerobic incubation at 37 u C for 24 h on CSB agar, the new isolates formed smooth, convex, nonpigmented colonies, 1-2 mm in diameter. Microscopy revealed short, Gram-staining-negative, non-sporulating, non-motile, rod-shaped bacteria, which were indistinguishable from cells of R. anatipestifer and R. columbina. Biochemical tests [catalase reaction, cytochrome oxidase reaction, aesculin hydrolysis, gelatin liquefaction, CAMP cohaemolysis with Staphylococcus aureus, Voges-Proskauer reaction and fermentation of carbohydrates in buffered single substrate (BSS) solution] were performed using standard procedures (Crasta et al., 2002; Hinz et al., 1998a, b; Rubbenstroth et al., 2011; Segers et al., 1993) . In addition, commercial galleries (API 20NE, API ZYM and ID 32E; bioMérieux) were used. The results for lipase and agalactosidase differed between the galleries used. All tested new isolates (n511) were lipase-positive in the ID-32E system, but negative with the API ZYM test. a-Galactosidase was positive for seven isolates with the ID-32E test, but negative for all isolates with the API ZYM test. Similarly reduced sensitivities of the API ZYM gallery have been described for R. columbina and R. anatipestifer (Rubbenstroth et al., 2011; Vancanneyt et al., 1999) . To test the in vitro sensitivity against 15 antibiotic substances (neomycin, 10 mg; gentamicin, 10 mg; spectinomycin, 10 mg; colistin sulfate, 10 mg; polymyxin B, 300 IU; sulfonamides, 300 mg; sulfamethoxazol/trimetoprim, 23.75 and 1.25 mg, respectively; ampicillin, 10 mg; amoxicillin, 10 mg; erythromycin, 15 mg; lincomycin, 10 mg; oxytetracycline, 30 mg; doxycycline, 30 mg; enrofloxacin, 5 mg; chloramphenicol, 10 mg; all from Oxoid), the disc diffusion method was used with cultivation on CSB agar under microaerobic conditions at 37 uC for 24 h. Inhibition zones of less than 2 mm were interpreted as in vitro resistance. All pigeon isolates were resistant against aminoglycosides (neomycin, gentamicin, spectinomycin), polypeptide antibiotics (colistin, polymyxin B) and sulfonamides and sensitive to chloramphenicol. Strain 8151 T , which was isolated from a feral pigeon, was sensitive to all other antibiotics used. In vitro antibiotic resistance profiles of R. anatipestifer ATCC 11845 T and R. columbina LMG 11607 T were identical to the profile of strain 8151 T and comparable to previously published resistance phenotypes of both species (Rubbenstroth et al., 2011; Segers et al., 1993; Singh et al., 1989; Vancanneyt et al., 1999) . In vitro resistances against additional substances, as expressed by several of the new isolates derived from captive domestic pigeons, presumably reflect acquired resistances due to antibiotic drugs widely used in pigeon flocks, as already described for R. columbina (Rubbenstroth et al., 2011) . Detailed phenotypic results are presented in Table 2 and in the species description.
The cellular fatty acid composition of isolate 8151 T was analysed in parallel with the type strains of R. anatipestifer (DSM 15868 T ) and R. columbina (DSM 16469 T ). The analysis was performed by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany) using the Sherlock Microbial Identification System, version 6.1 (MIDI Inc.). Strains were cultured microaerobically on trypticase soy agar for 24 h. The branched chain fatty acid 15 : 0 iso was most abundant in all three strains tested. Further major fatty acids detectable for all three strains were 13 : 0 iso, 15 : 0 anteiso, 15 : 0 iso 3-OH, 17 : 0 iso 3-OH and 18 : 1v9c (Table 3) Protein composition profiles of Riemerella strains were determined by matrix-assisted laser desorption/ionizationtime of flight (MALDI-TOF) MS analysis using the MALDI Biotyper system (Bruker Daltonics) following microaerobic cultivation for 18 h at 37 u C on CSB agar (Mellmann et al., 2008; Rubbenstroth et al., 2011 3021, 4042, 5012, 8031 and 9131) were selected for the generation of reference (master) spectra. Reference spectra were generated from at least two independent overnight cultures by merging at least 12 individually measured mass spectra after direct smear preparation (Rubbenstroth et al., 2011) . Alignment of all reference spectra revealed four conserved mass peaks that were present in the profiles of all three pigeon isolates but were absent from the profiles of all R. columbina and R. anatipestifer strains tested (Table 3) . Conversely, three and were analysed during this study. Biochemical results for additional R. columbina strains were obtained from a study that included 81 isolates that was performed in parallel with this work and was published elsewhere (Rubbenstroth et al., 2011) and biochemical characteristics of additional R. anatipestifer strains were taken from previously published work (Crasta et al., 2002; Hinz et al., 1998a, b; Pathanasophon et al., 1994; Piechulla et al., 1986; Rubbenstroth et al., 2011) ; (V) indicates that results were strain-dependent. All strains were positive for catalase and cytochrome oxidase reactions, as well as for lipase, a-glucosidase and L-aspartic acid arylamidase in the ID-32E test kit and alkaline phosphatase, esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase in the API ZYM test kit. All strains were negative for growth on MacConkey agar. All reactions of the API 20NE, ID-32E and API ZYM test kits that are not included in this table or mentioned above are negative for all three taxa. API 20NE profiles of all R. columbipharyngis isolates were 0010004. The ID-32E profile of R. columbipharyngis 8151 T was 00200020002. The API ZYM-profile of R. columbipharyngis 8151 T was 0533052025-5500050000.
Characteristic
a-Galactosidase
*Strains were cultured on CSB agar overnight under microaerobic conditions at 37 u C. Thereafter, duplicate cultures of each strain were stored aerobically in a humid chamber at 4 u C. Viability was examined daily during the first week of storage and twice weekly thereafter. For this purpose, colony material was transferred to fresh CSB agar plates and incubated microaerobically at 37 u C for 48 h. DThree selected strains were tested (strains 8151 T , 6061 and 8091).
five conserved mass peaks were identified to be characteristic for R. anatipestifer or R. columbina strains, respectively. In addition, a dendrogram of MALDI-TOF MS profiles was created based on crosswise minimum spanning tree (MSP) matching (Sauer et al., 2008 Table S1 ). Bar, 0.01 substitutions per nucleotide position. 3021, 4042, 5012, 8031 and 9131) were generated using the Bruker MALDI Biotyper software from at least 12 independently measured mass spectra of at least two independent overnight cultures. The 70 most prominent peaks of each master spectrum were listed by the software. Peaks fulfilling the following validity criteria were considered to be 'conserved' for a given species: presence in all tested strains of the species; at least 93.5 % frequency in the individual mass spectra of each strain; and peak position difference less than 3 Da between the strains. Mean mass peak positions were calculated for conserved peaks and compared to the peak lists of all spectra obtained from the two remaining Riemerella species. A conserved peak for which no comparable peak was found within a range of at least 4.5 Da or 5 SD around its mean mass position was considered to be 'unique' for the respective species. All mass peaks depicted in this table are 'conserved' and 'unique' for the respective species. All data are from this study. ND, Not detected. mass spectra to the Bruker Biotyper database (4005 database entrances), which was supplemented with all reference spectra generated in this study (not shown). It has to be noted, however, that the MALDI-TOF MS profiles of the new pigeon isolates were less stable than those of R. anatipestifer and R. columbina strains. Prolonged incubation or storage of the isolates resulted in altered profiles dominated by smaller degradation products, thereby complicating correct species identification (not shown).
Analysis of respiratory quinones was carried out for pigeon isolate 8151 T by Dr Brian Tindall and the Identification Service of the DSMZ following standard procedures (Tindall, 1990a, b) . Menaquinone 6 (MK-6) was determined to be the dominant respiratory quinone (99 %), which is in agreement with the quinone profiles of R. anatipestifer, the type species of the genus Riemerella (Bernardet et al., 1996) , and all other members of the family Flavobacteriaceae.
The DNA base composition of pigeon isolate 8151
T was determined by the Identification Service of DSMZ by HPLC using standard procedures (Cashion et al., 1977; Mesbah & Whitman, 1989; Tamaoka & Komagata, 1984) . The DNA G+C content of strain 8151 T was 35.7 mol%, which is in accordance with the values reported for the type strains of R. anatipestifer and R. columbina (35 and 36 mol%, respectively; Segers et al., 1993; Vancanneyt et al., 1999) .
In summary, the phenotypic and genotypic characteristics of the 11 new pigeon isolates described in this study are consistent with the description of the genus Riemerella (Segers et al., 1993; Vancanneyt et al., 1999) , thus supporting their classification within a novel species of this genus, for which the name Riemerella columbipharyngis sp. nov. is proposed. Emended descriptions of the genus Riemerella and of the species Riemerella anatipestifer and Riemerella columbina are provided, based on the previous descriptions by Segers et al. (1993) and Vancanneyt et al. (1999) , as well as on data from Rubbenstroth et al. (2011) and from this study. Segers et al. 1993 emend. Vancanneyt et al. 1999 Riemerella (Rie.me.rel9la. L. dim. suff. -ella; N.L. fem. n. Riemerella named in honour of Riemer, who first described R. anatipestifer infections in geese in 1904 and referred to the disease as septicaemia anserum exsudativa).
Emended description of the genus Riemerella
Cells are Gram-staining-negative, non-sporulating rods, 0.2-0.5 mm in diameter and 1-2.5 mm long. Colonies are smooth, circular droplets, 1-2 mm diameter with regular edges. No growth on MacConkey agar. Positive for catalase and cytochrome oxidase. The major respiratory quinone is MK-6. The dominant fatty acid (.40 %) is the branchedchain fatty acid 15 : 0 iso. The DNA G+C content of the type strains is 35-36 mol%. The type species is Riemerella anatipestifer. A member of the family Flavobacteriaceae, class Flavobacteria, phylum Bacteroidetes.
Emended description of Riemerella anatipestifer (Hendrickson and Hilbert 1932) Segers et al. 1993 The description is as for the genus and as given by Segers et al. (1993) , with the following amendments. Colonies are non-pigmented. Microaerobic growth on CSB agar occurs at 25-45 u C. Viability is maintained for 1 month during aerobic storage at 4 u C. Positive for a-galactosidase, amaltosidase (both ID-32E) and valine arylamidase (API ZYM); negative for arginine dihydrolase, b-glucosidase (ID-32E) and aesculin hydrolysis. A detailed description of the phenotypic characteristics of the type strain is given in Table 2 . In addition to 15 : 0 iso, the dominant fatty acids are the branched-chain fatty acids 13 : 0 iso, 15 : 0 anteiso, 15 : 0 iso 3-OH and 17 : 0 iso 3-OH. All fatty acids amounting to .2 % of the total fatty acids are listed in Table 3 . The MALDI-TOF MS protein profile shows three specific peaks (Table 3 Emended description of Riemerella columbina Vancanneyt et al. 1999 The description is as for the genus and as given by Vancanneyt et al. (1999) , with the following amendments. Colonies are pigmented with a grey-white to beige, yellow or orange pigment. Microaerobic growth on CSB agar occurs at 25-45 u C. Viability is maintained for 1 month during aerobic storage at 4 u C. No growth on litmus lactose agar. Positive for a-galactosidase, a-maltosidase (both ID-32E), valine arylamidase (API ZYM) and CAMP co-haemolysis with S. aureus; negative for indole production (API 20NE) and arginine dihydrolase (ID-32E). Using the BSS test, acid is produced from D-glucose, maltose, D-mannose and dextrin. A detailed description of the phenotypic characteristics of the type strain is given in Table 2 . In addition to 15 : 0 iso, the dominant fatty acids are the branched-chain fatty acids 13 : 0 iso, 15 : 0 anteiso and 17 : 0 iso 3-OH and summed feature 3 (15 : 0 iso 2-OH and/or 16 : 1v7c). All fatty acids amounting to .2 % of the total fatty acids are listed in Table 3 . The MALDI-TOF MS protein profile shows five specific peaks (Table 3 ). The DNA G+C content of the type strain is 36 mol%.
The type strain is strain LMG 11607 T (5CCUG 47689 T 5CIP 106288 T 5DSM 16469 T ), isolated from the palatine cleft of a pigeon in Germany.
Description of Riemerella columbipharyngis sp. nov.
Riemerella columbipharyngis [co.lum9bi.pha9ryn.gis. L. n. columbus -i a pigeon; N.L. n. pharynx -yngis (from Gr. n. pharugx, pharuggos) throat; N.L. gen. n. columbipharyngis of the throat of a pigeon].
The description is as for the genus, with the following additions. Cells are non-motile. Colonies are non-pigmented. Growth occurs on CSB agar at 30-41 u C; optimal growth conditions are 37 u C in a microaerobic atmosphere, but growth is also observed aerobically and anaerobically. Viability is lost within 1 week after aerobic storage at 4 uC. Negative for urease reaction (API 20NE and ID 32E), bglucosidase reaction (ID 32E), cystine arylamidase and trypsin (both API ZYM), aesculin hydrolysis and CAMP cohaemolysis with S. aureus. Known strains are resistant to aminoglycosides (neomycin, 10 mg; gentamicin, 10 mg; spectinomycin 10 mg), polypeptide antibiotics (colistin sulfate, 10 mg; polymyxin B, 300 IU) and sulfonamides (300 mg) and sensitive to chloramphenicol (10 mg). The type strain is sensitive to sulfamethoxazol/trimetoprim (23.75 and 1.25 mg, respectively), aminopenicillins (ampicillin, 10 mg; amoxicillin, 10 mg), macrolide antibiotics (erythromycin, 15 mg; lincomycin, 10 mg), tetracyclines (oxytetracycline, 30 mg; doxycycline, 30 mg) and enrofloxacin (5 mg). Further detailed phenotypic characteristics of the type strain are presented in Table 2 . The MALDI-TOF MS protein profile shows four specific peaks (Table 3 ). In addition to 15 : 0 iso, the dominant fatty acid is the branched-chain fatty acid 17 : 0 iso 3-OH. All fatty acids amounting to .2 % of the total fatty acids are listed in Table 3 . The DNA G+C content of the type strain is 35.7 mol%.
The type strain is strain 8151 T (5DSM 24015 T 5LMG 26094 T ), isolated from the pharynx of a feral pigeon (Columba livia f. domestica) in Hannover, Germany. All 11 isolates reported were isolated from the pharynx of apparently healthy domestic or feral pigeons.
